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Leisure-Time Physical Activity, Falls, and
Fall Injuries in Middle-Aged Adults
Alberto J. Caban-Martinez, DO, PhD, MPH,1,2,3 Theodore K. Courtney, MS, CSP,1,2
Wen-Ruey Chang, PhD,4 David A. Lombardi, PhD,1,2 Yueng-Hsiang Huang, PhD,5
Melanye J. Brennan, MS,1 Melissa J. Perry, ScD, MHS,6 Jeffrey N. Katz, MD, MS,2,3
David C. Christiani, MD, MPH, MS,2 Santosh K. Verma, ScD, MD, MPH1,7
Introduction: Although exercise and strength training have been shown to be protective against
falls in older adults (aged 65 years and older), evidence for the role of leisure-time physical activity
(LTPA) in the prevention of falls and resulting injuries in middle-aged adults (aged 45–64 years) is
lacking. In the present study, we investigate the association between self-reported engagement in
LTPA and the frequency of falls and fall-related injuries among middle-aged and older adults, while
controlling for key sociodemographic and health characteristics.
Methods: Nationally representative data from the 2010 U.S. Behavioral Risk Factor Surveillance
Survey were analyzed in April 2014 to examine the number of adults aged Z45 years who selfreported their fall experience in the previous 3 months and any injuries that resulted from those falls.
We then evaluated the association between LTPA and self-reported falls and injuries across three age
strata (45–54, 55–64, and Z65 years). The two main self-reported outcome measures were (1)
frequency of falls in the 3 months prior to the survey interview date and (2) the number of injuries
resulting from these falls. Prevalence ratios (PRs) and 95% CIs were calculated using Poisson
regression models with robust SEs.
Results: Of 340,680 survey participants aged Z45 years, 70.7% reported engaging in LTPA, and
17% reported one or more falls. Among those reporting a fall within 3 months, 25.6% experienced
one injurious fall (fall resulting in an injury) and 8.4% reported two or more injurious falls.
Controlling for sociodemographic and health characteristics, among adults aged 45–54 years, those
who engaged in LTPA were signiﬁcantly less likely to report one fall (PR¼0.90, 95% CI¼0.81, 0.99);
two or more falls (PR¼0.84, 95% CI¼0.77, 0.93); one injurious fall (PR¼0.88, 95% CI¼0.78, 0.99);
and two or more injurious falls (PR¼0.69, 95% CI¼0.58, 0.83) than those who did not exercise. A
similar protective effect of LTPA on reporting falls and injuries was noted for adults aged 55–64 and
Z65 years.

Conclusions: Similar to older adults, middle-aged adults who engage in LTPA report fewer falls
and fall-related injuries. Upon further conﬁrmation of the relationship between LTPA and falls
among middle-aged adults, fall prevention interventions could be developed for this population.
(Am J Prev Med 2015;](]):]]]–]]]) & 2015 American Journal of Preventive Medicine. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

I

n the U.S., falls are the leading cause of non-fatal
injuries treated in hospital emergency departments in
every age stratum except 15–24 years.1 Falls are also
the third leading cause of unintentional injury deaths
among those aged 45–64 years.2,3 Secular trends suggest
an increasing burden of injuries from falls leading to
emergency room visits, hospitalizations, and deaths.4–7
For example, the 2010 Global Burden of Disease report
indicated a marked rise in the rate of falls among adults.8,9
The report also showed that annually, falls result in losses
of more than 1.16 million disability-adjusted life-years
(DALYs) among all U.S. adults, including 422,000 DALYs
lost for middle-aged adults, aged 45–64 years, and 606,000
DALYs for adults aged above 65 years.8,9 In addition to
life-years lost due to an injury and subsequent disability,
these events are costly. One U.S. study examining unintentional injuries that occur in the home estimated the total
societal costs of these injuries to be approximately U.S.
$217 billion. Falls accounted for the largest proportion
(42%) of the total cost of these injuries.10 These data
support the notion that falls are not only an issue for older
adults but also that there is a need to identify fall
prevention strategies that target middle-aged adults to
have an overall impact on fall-related injuries and
disability.
Current evidence suggests that among older adults
(aged 65 years and older), progressive exercise programs
focusing on moderate- to high-intensity exercise at a
minimum dose of 50 hours over a period of 3 months are
among the most effective interventions to prevent falls.11
Exercise and regular physical activity have also been
suggested to be as potentially effective at improving
health conditions as drug interventions are for patients
with chronic health conditions.12–16 However, there has
been limited investigation of the association between
leisure-time physical activity (LTPA) and falls among
middle-aged adults (aged 45–64 years). It is well documented that exercise has a protective effect against falls
among older adults.11,15,17,18 However, it is not known if
this effect is similar in middle-aged adults.
In the present study, we used nationally representative
U.S. survey data to investigate the association between
self-reported engagement in LTPA and the frequency
of falls and fall-related injuries among middle-aged
adults (grouped into two age strata, 45–54 and 55–64
years) and older adults (aged 65 years and older),
while controlling for key sociodemographic and health
characteristics. We hypothesized that middle-aged adults
who engaged in LTPA would be less likely to report a fall,
as well as injuries resulting from a fall, when compared
with middle-aged adults who did not engage in LTPA.

Older adults are included in the study to compare the
results with middle-aged adults and prior published
studies.

Methods
Data Source
Since 1984, the Centers for Disease Control and Prevention have
coordinated the Behavioral Risk Factor Surveillance System
(BRFSS)—a state-based system of health surveys designed to
collect standardized information on risk factors for morbidity
and mortality, including questions on falls, injuries, and physical
activity.19 This cross-sectional survey is conducted annually among
non-institutionalized adults, aged Z18 years, in all 50 states and U.S.
territories. Measures related to physical activity and injury risk are
notably of high reliability and validity in the BRFSS.20,21 The
calculated 2010 BRFSS response rates across states ranged from
39.1% to 68.8% with a median response rate of 54.6%.22
Information on falls and injuries resulting from falls are assessed
from all survey participants aged Z45 years. In the present study,
we analyzed in April 2014 the association between self-reported
LTPA, falls, and injuries resulting from falls by major age groups
(45–54, 55–64, and Z65 years) among participants of the 2010
BRFSS (N¼340,680).

Measures
The two ordinal outcome variables in the present study were (1)
self-reported number of falls and (2) injuries resulting from the
falls. Speciﬁcally, participants were asked for the ﬁrst outcome
variable, In the past 3 months, how many times have you fallen?
Response options included the number of times a person fell in the
past 3 months, none, or don’t know. For the second outcome
variable, participants were asked, How many of these falls caused
an injury? By an injury, we mean the fall caused you to limit your
regular activities for at least a day to go see a doctor. Response
options included the numeric value of falls resulting in injury
(injurious falls), none, or don’t know.
The primary exposure of interest in the study was LTPA, which was
derived from the question During the past month, other than your
regular job, did you participate in any physical activities or exercises such
as running, calisthenics, golf, gardening, or walking for exercise?
Question response items were dichotomized into either those survey
respondents who engaged in LTPA or those who did not.
Additional covariates included age, gender, race/ethnicity,
educational attainment, marital status, household income, BMI
(categorized as neither overweight nor obese [o25 kg/m2], overweight [25–29.9 kg/m2], or obese [Z30 kg/m2])23; heavy alcohol
use (categorized as a dichotomous yes/no for adult men having
more than two drinks per day and adult women having more than
one drink per day)24; diabetes status (dichotomously categorized as
afﬁrmative by those who reported being told by a doctor they had
diabetes)25; cardiovascular disease category (dichotomously categorized as afﬁrmative by those who reported being told by a doctor
they had either a heart attack, coronary heart disease, or stroke)26;
and health status (dichotomized into excellent to good or fair to
poor in response to the question Would you say that in general
your health is—excellent, very good, good, fair or poor?).27
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Statistical Analysis
We performed analyses stratiﬁed by three age groups (45–54,
55–64, and Z65 years) among individuals participating in the
2010 BRFSS who self-reported on their LPTA, falls, and those falls
resulting in injuries. Descriptive statistics of the sociodemographic
and health characteristics by fall and injury experience are
presented in Table 1. Univariate and multivariate Poisson regression models with empirical SEs were used to test the associations
between LPTA, falls, and falls with injuries and estimate prevalence ratios (PRs) and 95% CIs.28 An alpha level of 0.05 was
considered statistically signiﬁcant. All potential confounders were
selected a priori and were included in the multivariable model
regardless of the signiﬁcance level. All analyses were performed
using SAS, version 9.2, with adjustments for sample weights and
survey design. We also calculated the proportion of adults by 2year age groups who self-reported two or more falls (recurrent
fallers) and one or more injuries from falls (Figure 1A and 1B,
respectively) in the previous 3 months stratiﬁed by their engagement in exercise. The study was approved as exempt by the IRBs of
the Liberty Mutual Research Institute for Safety and the Harvard
T.H. Chan School of Public Health.

Results
The sample characteristics of survey respondents and
their fall experience in the previous 3 months are shown
in Table 1. Overall, 17% of participants experienced one
or more falls in the previous 3 months, and 34% of the
participants with one or more falls reported one or more
injuries from falling. The proportion of participants
reporting no fall in the previous 3 months was similar
among participants aged 45–54, 55–64, and 75–84 years.
This proportion was slightly higher for those aged 65–74
years and lower for those aged Z85 years.
When modeling falls using univariate Poisson regression, we found that adults aged 45–54 years who engaged
in LTPA were signiﬁcantly less likely to report one fall
incident (unadjusted PR [UPR]¼0.80, 95% CI¼0.74,
0.88), and two or more falls (UPR¼0.49, 95% CI¼0.45,
0.54) when compared with adults in the same age group
who did not engage in LTPA. A similar association was
noted among adults aged 55–64 and Z65 years who
engaged in LTPA, as they were signiﬁcantly less likely to
report one fall (UPR¼0.85, 95% CI¼0.79, 0.91, and
UPR¼0.79, 95% CI¼0.75, 0.83, respectively) and two or
more falls (UPR¼0.46, 95% CI¼0.43, 0.50, and
UPR¼0.51, 95% CI¼0.47, 0.54, respectively) when
compared with those age groups who did not engage
in LTPA.
Univariate Poisson regression analyses for fall-related
injuries showed that adults aged 45–54 years who
engaged in LTPA were signiﬁcantly less likely to report
one injurious fall (UPR¼0.73, 95% CI¼0.66, 0.81) and
two or more injurious falls (UPR¼0.38, 95% CI¼0.32,
0.44) relative to those aged 45–54 years who did not
] 2015
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engage in LTPA. A similar association was noted among
the older age groups (55–64 and Z65 years) in being less
likely to report one injurious fall (UPR¼0.82, 95%
CI¼0.75, 0.90 and UPR¼0.86, 95% CI¼0.81, 0.92,
respectively) and two or more injurious falls (UPR¼0.48,
95% CI¼0.41, 0.56 and UPR¼0.54, 95% CI¼0.46, 0.65,
respectively) relative to those who did not engage
in LTPA.
Based on multivariable Poisson regression models,
adults aged 45–54 years who engaged in LTPA
were signiﬁcantly less likely to report one fall (adjusted
PR [APR]¼0.90, 95% CI¼0.81, 0.99) and two or more falls
(APR¼0.84, 95% CI¼0.77, 0.93) relative to those adults
who did not engage in LTPA (Table 2). Similarly, adults
aged 55–64 and Z65 years who engaged in LTPA were
also signiﬁcantly less likely to report one fall and two or
more falls than those aged 55–64 and adults Z65 years
who did not engage in LTPA.
Many other factors associated with self-reported falls
were comparable in middle-aged adults and older age
groups. Female gender in all three age groups was
signiﬁcantly associated with a higher proportion of one
self-reported fall but not two or more falls (Table 2).
Other demographic factors associated with higher selfreported falls were some college and college graduate
education (versus less than high school diploma); NonHispanic white and multiracial non-Hispanic race;
divorced, widowed, or separated status (versus married
and unmarried couple); and household income
o$15,000. Among health-related factors, obesity, cardiovascular disease, alcohol consumption, and fair/poor
self-reported health were associated with a higher prevalence of self-reported falls.
When modeling falls resulting in injury using multivariable Poisson regression, adults aged 45–54 years who
engaged in LTPA were signiﬁcantly less likely to report
one injurious fall (APR¼0.88, 95% CI¼0.78, 0.99)
(Table 3). However, this association was not statistically
signiﬁcant for respondents aged 55–64 and Z65 years.
Prevalence of two or more injurious falls among those
who engaged in LTPA was signiﬁcantly lower as compared with those who did not engage in LTPA in all three
age groups.
Female gender was associated with a higher prevalence
of fall-related injuries among all the three age groups.
Among other demographic variables, only household
income o$15,000 was signiﬁcantly associated with
higher reports of fall-related injuries. Cardiovascular
disease and fair/poor self-reported health were the only
health-related factors signiﬁcantly associated with a
higher prevalence of self-reported fall injuries.
Lastly, when age was categorized by 2-year age
groups, the protective effect of LTPA on two or more
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Table 1. Estimated Incidence of Falls and Injury-Related Falls by Socio-Demographic and Health Characteristics of Adults
(Age Z45 Years Old) Participating in the 2010 Behavioral Risk Factor Surveillance Survey
Falls
Total
n (%)a

No falls
n (%)

One
fall
n (%)

340,680
(100.0)

274,200
(82.8)

34,404
(10.1)

Yes, LTPA

64,319
(74.8)

52,659
(84.0)

No, LTPA

21,666
(25.2)

Yes, LTPA
No, LTPA

Falls resulting in injury
No
injurious
fall n (%)

One
injurious fall
n (%)

Two or more
injurious falls
n (%)

22,711 (6.9)

37,475
(66.1)b

14,504
(25.6)b

4,754 (8.4)b

6,129
(9.8)

3,869 (6.2)

6,792 (68.3)

2,382 (24.0)

772 (7.8)

16,234
(77.5)

2,290
(10.9)

2,431 (11.6)

2,566 (55.0)

1,316 (28.2)

781 (16.8)

74,213
(72.5)

60,995
(84.2)

7,289
(10.1)

4,133 (5.7)

7,772 (68.4)

2,767 (24.3)

831 (7.3)

28,181
(27.5)

21,256
(77.5)

3,012
(11.0)

3,146 (11.5)

3,577 (58.6)

1,642 (26.9)

888 (14.5)

Yes, LTPA

102,091
(67.3)

84,672
(85.2)

9,948
(10.0)

4,816 (4.8)

10,447
(71.1)

3,566 (24.3)

676 (4.6)

No, LTPA

49,687
(32.7)

38,022
(79.3)

5,676
(11.84)

4,256 (8.9)

6253 (63.5)

2802 (28.5)

790 (8.0)

45–54

86,077
(25.3)

68,949
(82.4)

8,430
(10.1)

6,321 (7.6)

9,373 (64.0)

3,706 (25.3)

1,560 (10.7)

55–64

102,507
(30.1)

82,324
(82.4)

10,314
(10.3)

7,294 (7.3)

11,368
(64.9)

4,413 (25.2)

1,722 (9.8)

65–74

82,854
(24.3)

68,282
(84.6)

7,963
(9.9)

4,471 (5.5)

8,509 (68.8)

3,068 (24.8)

792 (6.4)

75–84

52,819
(15.5)

42,292
(82.6)

5,615
(11.0)

3,266 (6.4)

5,957 (67.6)

2,372 (26.9)

484 (5.5)

Z85

16,423
(4.8)

12,353
(78.2)

2,082
(13.2)

1,359 (8.6)

2,268 (66.5)

945 (27.7)

196 (5.7)

Male

128,088
(37.6)

103,402
(83.3)

11,643
(9.4)

9,064 (7.3)

14,793
(71.9)

4,280 (20.8)

1,497 (7.3)

Female

212,592
(62.4)

170,798
(82.4)

22,761
(11.0)

13,647 (6.6)

22,682
(62.7)

10,224
(28.3)

3,257 (9.0)

Less than high
school

33,875
(10.0)

25,629
(78.9)

3,357
(10.3)

3,490 (10.7)

3,990 (59.1)

1,899 (28.1)

866 (12.8)

High school
diploma

106,199
(31.3)

85,649
(83.1)

10,121
(9.8)

7,297 (7.1)

11,324
(65.5)

4,470 (25.9)

1,497 (8.7)

Some college

89,264
(26.3)

71,678
(82.2)

92,76
(10.6)

6,199 (7.1)

9,919 (64.5)

4,056 (26.4)

1,406 (9.1)

Sociodemographic
characteristics
Total

Two or more
falls n (%)

LTPA
45–54-year-olds

55–64-year-olds

65 and older

Age (years)

Gender

Educational attainment

(continued on next page)
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Table 1. Estimated Incidence of Falls and Injury-Related Falls by Socio-Demographic and Health Characteristics of Adults
(Age Z45 Years Old) Participating in the 2010 Behavioral Risk Factor Surveillance Survey (continued)
Falls
Sociodemographic
characteristics

Total
n (%)a

No falls
n (%)

One
fall
n (%)

College graduate

110,252
(32.5)

90,712
(84.0)

11,606
(10.7)

White, nonHispanic

276,709
(82.4)

223,145
(82.7)

Black, nonHispanic

25,063
(7.5)

Other, nonHispanic

Falls resulting in injury
No
injurious
fall n (%)

One
injurious fall
n (%)

Two or more
injurious falls
n (%)

5,683 (5.3)

12,188
(70.8)

4,058 (23.6)

977 (5.7)

28,725
(10.6)

18,063 (6.7)

31,426
(67.5)

11,548
(24.8)

3,549 (7.6)

20,483
(84.4)

2,082
(8.6)

1,594 (6.6)

2,191 (60.3)

1,053 (29.0)

390 (10.7)

10,532
(3.1)

8,387
(82.9)

926
(9.2)

802 (7.9)

1,017 (59.4)

462 (27.0)

232 (13.6)

Multiracial, nonHispanic

5,334
(1.6)

3,961
(76.2)

629
(12.1)

608 (11.7)

678 (55.3)

357 (29.1)

192 (15.6)

Hispanic

18,325
(5.5)

14,675
(83.8)

1,601
(9.1)

1,244 (7.1)

1,634 (58.1)

871 (31.0)

309 (11.0)

Healthy/normal
weight

109,546
(33.6)

89,841
(84.2)

10,486
(9.8)

6,399 (6.0)

11,144
(66.5)

4,358 (26.0)

1,264 (7.5)

Overweight

122,961
(37.7)

100,443
(83.7)

12,058
(10.1)

7,472 (6.2)

13,356
(68.8)

4,683 (24.1)

1,379 (7.1)

Obese

93,409
(28.7)

72,861
(79.6)

10,598
(11.6)

8,081 (8.8)

11,743
(63.3)

4,889 (26.3)

1,925 (10.4)

Married/unmarried
couple

189,718
(55.9)

156,339
(84.5)

18,018
(9.7)

10,573 (5.7)

19,737
(69.3)

6,820 (24.0)

1,906 (6.7)

Divorced, widow, or
separated

124,979
(36.8)

97,585
(80.4)

13,719
(11.3)

10,141 (8.4)

14,756
(62.4)

6,494 (27.5)

2,407 (10.2)

Single

24,654
(7.3)

19,408
(81.2)

2,562
(10.7)

1,925 (8.1)

2,873 (64.7)

1,142 (25.7)

425 (9.6)

Two or more
falls n (%)

Race/ethnicity

Obesity status (BMI)

Marital status

Household income total ($)
o15,000

37,178
(12.8)

26,695
(74.0)

4,312
(12.0)

5,044 (14.0)

4,931 (53.3)

2,792 (30.2)

1,523 (16.5)

15,000 to
o25,000

55,675
(19.2)

43,280
(79.9)

5,883
(10.9)

4,997 (9.2)

6,785 (62.8)

2,806 (26.0)

1,208 (11.2)

25,000 to
o35,000

37,027
(12.8)

29,974
(82.7)

3,851
(10.6)

2,441 (6.7)

4,227 (67.4)

1,585 (25.3)

457 (7.5)

35,000 to
o50,000

44,832
(15.5)

37,022
(84.2)

4,526
(10.3)

2,427 (5.5)

4,895 (70.6)

1,673 (24.1)

362 (5.2)

Z50,000

115,332
(39.8)

97,242
(85.8)

11,150
(9.8)

4,922 (4.3)

11,753
(73.3)

3,650 (22.8)

629 (3.9)

53,396
(15.7)

40,297
(77.6)

6,172
(11.9)

5,439 (10.5)

6,928 (60.1)

3,249 (28.2)

1,344 (11.7)

Diabetes status
Yes, diabetic

(continued on next page)
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Table 1. Estimated Incidence of Falls and Injury-Related Falls by Socio-Demographic and Health Characteristics of Adults
(Age Z45 Years Old) Participating in the 2010 Behavioral Risk Factor Surveillance Survey (continued)
Falls
Total
n (%)a

No falls
n (%)

One
fall
n (%)

286,920
(84.3)

233,633
(83.7)

28,199
(10.1)

Yes, CVD (MI, CHD,
or stroke)

53,762
(15.8)

39,043
(74.8)

No CVD

286,918
(84.2)

Not heavy drinker
Heavy drinker

Falls resulting in injury
No
injurious
fall n (%)

One
injurious fall
n (%)

Two or more
injurious falls
n (%)

17,243 (6.2)

30,512
(67.6)

11,239
(24.9)

3,403 (7.5)

6,456
(12.4)

6,707 (12.8)

7,679 (58.9)

3,584 (27.5)

1,773 (13.6)

235,157
(84.3)

27,948
(10.0)

16,004 (5.7)

29,796
(68.2)

10,920
(25.0)

2,981 (6.8)

315,739
(95.5)

257,089
(82.7)

32,203
(10.4)

21,504 (6.9)

35,147
(65.9)

13,699
(25.6)

4,549 (8.5)

14,797
(4.5)

12,041
(82.6)

1,667
(11.4)

863 (5.9)

1,762 (69.8)

622 (24.6)

141 (5.6)

Excellent to good

260,759
(76.9)

218,939
(86.2)

24,443
(9.6)

10,750 (4.2)

25,466
(72.6)

8,220 (23.4)

1,372 (3.9)

Fair/poor

78,373
(23.1)

54,110
(71.4)

9,796
(12.9)

11,834 (15.6)

11,820
(55.3)

6,208 (29.0)

3,359 (15.7)

Sociodemographic
characteristics
No diabetes

Two or more
falls n (%)

CVD status

Alcohol consumption

Health status

a

Differences in sub-total population sample due to item non-response or missing.
Percentage indicates the proportion of participants who experienced at least one fall.
CHD, coronary heart disease; CVD, cardiovascular disease; HS, high school; LTPA, leisure-time physical activity; MI, myocardial infarction; PR,
prevalence ratio.

b

falls remained almost constant across all age groups
(Figure 1A). The effect on one or more falls resulting in
injury was also protective among almost all age groups
(Figure 1B).

Discussion
Earlier studies have shown a protective effect of exercise
on falls among older adults.11,15,17,18 In this ﬁrst national
study of U.S. middle-aged adults, we observed that
middle-aged adults (age strata, 45–54 and 55–64 years)
who engaged in LTPA were signiﬁcantly less likely to
report falls, as well as injuries from their falls, when
compared with adults in the same age strata who did not
engage in LTPA. We observed a similar association in
older adults, where survey respondents aged 65 years and
older who engaged in LTPA were less likely to report falls
and injuries resulting from falls than those who did not
engage in LTPA. To our knowledge, no previous studies
have evaluated the association between LTPA and selfreported falls and fall-related injuries among middleaged adults. The ﬁndings are consistent with earlier
studies, suggesting that physical activity and exercise

are protective of falls and fall-related injuries among
adults aged 65 years and older.29–32 Hence, we now
document a similar association for middle-aged adults.
This study also documents that about 18% of participants aged 45–64 years reported falling at least once in
the previous 3 months. Although prior studies have
primarily investigated falls and injuries resulting from
falls in older adult populations, none have focused on the
effects of physical activity in the middle-aged strata of the
working age adult life span (45–64 years) as in this
report. More attention may need to be directed to the
middle-aged adult population where approximately 21%
in an earlier study (similar to our study ﬁndings)
reported falling at least once in a 2-year period.33
Given the trends toward increased sedentary behavior
as worksites, homes, and public spaces have been
evolving in ways that minimize human movement and
muscular activity,34 more investigation into the role of
physical activity in protecting middle-aged adults from
falls is needed. Regular physical activity may help reduce
the prevalence of chronic diseases, such as cardiovascular
disease, among middle-aged adults.35–37 In this study, we
found cardiovascular disease and self-reported health
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Table 2. Multivariate Poisson Regression With Robust SEs to Calculate Prevalence Ratios and Their 95% CIs for Falls Among Adults (45 and Older): 2010 Behavioral Risk
Factor Surveillance Survey
45–54 years old (n¼83,700)a

55–64 years old (n¼99,932)a

65 and older (n¼147,683)a

One

Two or more

One

Two or more

One

Two or more

fall

falls

fall

falls

fall

falls

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

0.90 (0.81, 0.99)

0.84 (0.77, 0.93)

0.97 (0.89, 1.05)

0.76 (0.70, 0.83)

0.87 (0.82, 0.93)

0.70 (0.64, 0.76)

1.23 (1.13, 1.34)

0.96 (0.88, 1.05)

1.29 (1.20, 1.38)

1.01 (0.93, 1.11)

1.21 (1.13, 1.28)

0.89 (0.82, 0.97)

Predictors
LTPA (ref¼no LTPA)
Yes, LTPA

Females

Educational attainment (ref¼ oHS diploma)
HS diploma

1.08 (0.90, 1.3)

1.08 (0.93, 1.25)

1.03 (0.87, 1.22)

1.11 (0.95, 1.30)

0.96 (0.87, 1.06)

1.00 (0.89, 1.13)

Some college

1.28 (1.06, 1.55)

1.19 (1.02, 1.38)

1.15 (0.97, 1.35)

1.29 (1.11, 1.50)

1.09 (0.98, 1.21)

1.23 (1.09, 1.40)

College graduate

1.19 (0.99, 1.45)

1.21 (1.02, 1.43)

1.19 (1.00, 1.40)

1.32 (1.11, 1.57)

1.21 (1.08, 1.35)

1.19 (1.04, 1.36)

Black, non-Hispanic

0.69 (0.59, 0.81)

0.64 (0.53, 0.76)

0.79 (0.70, 0.91)

0.62 (0.53, 0.72)

0.72 (0.63, 0.83)

0.64 (0.54, 0.75)

Other, non-Hispanic

0.56 (0.42, 0.75)

0.57 (0.46, 0.71)

0.83 (0.64, 1.08)

0.74 (0.56, 0.97)

0.77 (0.62, 0.95)

1.07 (0.80, 1.43)

Multiracial, non-Hispanic

1.19 (0.94, 1.52)

1.41 (1.14, 1.73)

1.30 (1.04, 1.62)

1.29 (1.05, 1.58)

0.97 (0.77, 1.21)

1.34 (1.00, 1.80)

Hispanic

0.64 (0.52, 0.79)

0.47 (0.39, 0.57)

0.65 (0.55, 0.78)

0.47 (0.38, 0.59)

0.77 (0.66, 0.90)

0.74 (0.61, 0.89)

Race/ethnicity (ref¼white, non-Hispanic)

Obesity status (ref¼healthy/normal weight)
Overweight

1.12 (1.01, 1.23)

1.13 (1.00, 1.26)

1.07 (0.98, 1.18)

1.02 (0.91, 1.14)

1.03 (0.96, 1.10)

0.94 (0.86, 1.03)

Obese

1.28 (1.16, 1.42)

1.12 (1.00, 1.26)

1.18 (1.08, 1.30)

1.10 (0.98, 1.23)

1.11 (1.03, 1.19)

1.08 (0.98, 1.20)
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Gender (ref¼males)

Marital status (ref¼married/unmarried couple)
Divorced, widowed, or separated

1.11 (1.01, 1.22)

1.12 (1.01, 1.24)

1.07 (0.98, 1.16)

1.10 (1.00, 1.21)

1.15 (1.08, 1.23)

1.14 (1.05, 1.24)

Single

1.01 (0.89, 1.15)

0.83 (0.72, 0.96)

1.01 (0.89, 1.14)

1.00 (0.86, 1.17)

1.12 (0.98, 1.28)

1.09 (0.85, 1.40)

Household income total ($, ref¼o15,000)
15,000 to o25,000

0.87 (0.73, 1.02)

0.71 (0.63, 0.81)

0.94 (0.82, 1.08)

0.84 (0.74, 0.94)

1.00 (0.91, 1.10)

0.86 (0.76, 0.96)

25,000 to o35,000

0.84 (0.70, 1.00)

0.56 (0.46, 0.67)

0.88 (0.76, 1.03)

0.58 (0.50, 0.67)

1.05 (0.95, 1.17)

0.81 (0.71, 0.93)
(continued on next page)
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Table 2. Multivariate Poisson Regression With Robust SEs to Calculate Prevalence Ratios and Their 95% CIs for Falls Among Adults (45 and Older): 2010 Behavioral Risk
Factor Surveillance Survey (continued)
45–54 years old (n¼83,700)a

55–64 years old (n¼99,932)a

65 and older (n¼147,683)a

Two or more

One

Two or more

One

Two or more

fall

falls

fall

falls

fall

falls

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

35,000 to o50,000

0.78 (0.66, 0.92)

0.54 (0.45, 0.65)

0.82 (0.71, 0.95)

0.50 (0.42, 0.59)

1.01 (0.90, 1.12)

0.70 (0.61, 0.81)

Z50,000

0.75 (0.64, 0.89)

0.38 (0.32, 0.44)

0.86 (0.75, 0.99)

0.39 (0.34, 0.46)

0.96 (0.86, 1.08)

0.65 (0.56, 0.77)

1.08 (0.94, 1.23)

1.00 (0.88, 1.13)

1.06 (0.96, 1.18)

1.20 (1.08, 1.33)

1.08 (1.01, 1.16)

1.09 (0.99, 1.19)

1.43 (1.22, 1.68)

1.63 (1.45, 1.83)

1.13 (1.02, 1.25)

1.41 (1.28, 1.55)

1.18 (1.11, 1.26)

1.57 (1.44, 1.71)

1.41 (1.20, 1.64)

1.09 (0.90, 1.32)

1.01 (0.88, 1.17)

0.84 (0.67, 1.05)

1.08 (0.93, 1.24)

1.28 (1.04, 1.58)

1.43 (1.28, 1.59)

3.60 (3.20, 4.05)

1.54 (1.40, 1.69)

2.89 (2.59, 3.24)

1.38 (1.29, 1.48)

2.40 (2.19, 2.62)

Predictors

Diabetes status (ref¼no diabetes)
Yes, diabetic
CVD status (ref¼no CVD)
Yes, CVD (MI, CHD, or stroke)

Alcohol consumption (ref¼not heavy drinker)
Yes, heavy alcohol drinker
Health status (ref¼ excellent to good)
Fair/poor
a

Reference group is no injurious fall.
CHD, coronary heart disease; CVD, cardiovascular disease; HS, high school; LTPA, leisure-time physical activity; MI, myocardial infarction; PR, prevalence ratio.
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Table 3. Multivariate Poisson Regression With Robust SEs to Calculate Prevalence Ratios and Their 95% CIs for Falls Resulting in Injury Among Adults (45 and Older):
2010 Behavioral Risk Factor Surveillance Survey
45–54 years old (n¼14,639)a

55–64 years old (n¼17,503)a

65 and older (n¼24,591)a

One

Two or more

One

Two or more

One

Two or more

injurious fall

injurious falls

injurious fall

injurious falls

injurious fall

injurious falls

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

0.88 (0.78, 0.99)

0.69 (0.58, 0.83)

0.95 (0.86, 1.05)

0.78 (0.66, 0.93)

0.95 (0.88, 1.04)

0.80 (0.66, 0.98)

1.36 (1.22, 1.52)

1.21 (1.02, 1.43)

1.34 (1.21, 1.47)

1.42 (1.19, 1.69)

1.33 (1.21, 1.45)

1.26 (1.02, 1.57)

Predictors
LTPA (ref¼no LTPA)
Yes, LTPA

Females

Educational attainment (ref¼ oHS diploma)
HS diploma

0.99 (0.82, 1.18)

0.96 (0.74, 1.23)

0.99 (0.83, 1.18)

1.11 (0.85, 1.44)

1.01 (0.89, 1.15)

1.10 (0.85, 1.43)

Some college

1.13 (0.95, 1.36)

1.24 (0.97, 1.59)

1.00 (0.84, 1.20)

1.10 (0.85, 1.43)

1.06 (0.92, 1.21)

1.10 (0.80, 1.52)

College graduate

0.98 (0.81, 1.19)

1.23 (0.93, 1.62)

0.96 (0.80, 1.16)

1.19 (0.88, 1.60)

1.08 (0.93, 1.25)

1.46 (1.08, 1.97)

Black, non-Hispanic

1.02 (0.85, 1.22)

0.87 (0.65, 1.18)

1.01 (0.86, 1.20)

0.86 (0.65, 1.13)

0.93 (0.77, 1.12)

0.76 (0.52, 1.10)

Other, non-Hispanic

1.23 (0.94, 1.62)

1.08 (0.73, 1.60)

1.28 (0.98, 1.68)

1.92 (1.30, 2.83)

0.91 (0.67, 1.22)

1.78 (1.00, 3.14)

Multiracial, non-Hispanic

1.16 (0.88, 1.51)

1.74 (1.23, 2.44)

1.30 (1.03, 1.65)

1.35 (0.91, 1.99)

1.34 (1.01, 1.79)

1.21 (0.67, 2.16)

Hispanic

1.00 (0.81, 1.24)

0.93 (0.67, 1.29)

1.11 (0.90, 1.37)

0.73 (0.51, 1.05)

1.29 (1.09, 1.52)

1.15 (0.81, 1.65)

Race/ethnicity (ref¼white, non-Hispanic)

Obesity status (ref¼healthy/normal weight)
Overweight

1.01 (0.88, 1.14)

1.15 (0.93, 1.42)

1.06 (0.94, 1.20)

0.86 (0.69, 1.08)

0.90 (0.82, 0.99)

0.93 (0.74, 1.17)

Obese

1.09 (0.96, 1.24)

1.24 (1.01, 1.53)

1.11 (0.98, 1.25)

0.94 (0.76, 1.16)

0.90 (0.81, 0.99)

1.03 (0.81, 1.29)
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Gender (ref¼males)

Marital status (ref¼married/unmarried couple)
Divorced, widowed, or separated

1.01 (0.89, 1.14)

1.02 (0.85, 1.23)

1.01 (0.90, 1.13)

1.04 (0.87, 1.26)

1.03 (0.94, 1.12)

1.02 (0.83, 1.25)

Single

0.97 (0.82, 1.15)

0.96 (0.74, 1.24)

0.95 (0.80, 1.12)

1.02 (0.77, 1.37)

0.96 (0.77, 1.19)

0.73 (0.37, 1.43)

Household income total ($, ref¼o15,000)
15,000 to o25,000

0.71 (0.60, 0.83)

0.70 (0.56, 0.86)

0.96 (0.83, 1.11)

0.90 (0.74, 1.11)

0.87 (0.78, 0.98)

0.92 (0.70, 1.19)

25,000 to o35,000

0.69 (0.56, 0.84)

0.58 (0.43, 0.78)

0.86 (0.71, 1.04)

0.67 (0.51, 0.87)

0.88 (0.76, 1.01)

0.64 (0.47, 0.89)
(continued on next page)
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Table 3. Multivariate Poisson Regression With Robust SEs to Calculate Prevalence Ratios and Their 95% CIs for Falls Resulting in Injury Among Adults (45 and Older):
2010 Behavioral Risk Factor Surveillance Survey (continued)
45–54 years old (n¼14,639)a

55–64 years old (n¼17,503)a

65 and older (n¼24,591)a

Two or more

One

Two or more

One

Two or more

injurious fall

injurious falls

injurious fall

injurious falls

injurious fall

injurious falls

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

35,000 to o50,000

0.60 (0.48, 0.74)

0.51 (0.36, 0.71)

0.90 (0.76, 1.07)

0.64 (0.46, 0.89)

0.98 (0.84, 1.13)

0.46 (0.31, 0.69)

Z50,000

0.62 (0.52, 0.74)

0.35 (0.25, 0.49)

0.91 (0.77, 1.07)

0.51 (0.37, 0.69)

0.89 (0.76, 1.04)

0.52 (0.36, 0.74)

0.94 (0.80, 1.09)

0.78 (0.61, 1.01)

0.92 (0.82, 1.04)

1.00 (0.83, 1.21)

1.11 (1.01, 1.22)

1.11 (0.90, 1.38)

1.12 (0.97, 1.31)

1.28 (1.06, 1.56)

1.16 (1.04, 1.30)

1.44 (1.21, 1.72)

1.07 (0.98, 1.17)

1.59 (1.31, 1.94)

0.99 (0.80, 1.23)

0.68 (0.42, 1.10)

1.06 (0.86, 1.30)

0.92 (0.56, 1.50)

1.10 (0.90, 1.34)

1.13 (0.70, 1.84)

1.15 (1.01, 1.32)

3.05 (2.36, 3.94)

1.33 (1.19, 1.49)

3.14 (2.50, 3.95)

1.23 (1.13, 1.35)

2.76 (2.22, 3.44)

Predictors

Diabetes status (ref¼no diabetes)
Yes, diabetic
CVD status (ref¼no CVD)
Yes, CVD (MI, CHD, or stroke)

Alcohol consumption (ref¼not heavy drinker)
Yes, heavy alcohol drinker
Health status (ref¼ excellent to good)
Fair/poor
a

Reference group is no injurious fall.
CHD, coronary heart disease; CVD, cardiovascular disease; HS, high school; LTPA, leisure-time physical activity; MI, myocardial infarction; PR, prevalence ratio.
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Figure 1. Percentage of adults by 2-year age groups who self-reported two or more falls (A) and percentage of adult who
reported fall injuries1 (B) in the previous 3 months stratiﬁed by their engagement in leisure-time physical activity (i.e., engage
in LTPA): 2010 Behavioral Risk Factor Surveillance Survey.
Note: The denominator includes the overall adult population over 45 years of age and not just fallers.

status were signiﬁcantly associated with the risk of falls
and fall-related injuries.
The results have important implications for prevention efforts in middle-aged adults. The 2010 U.S. Census
reported that 81.5 million adults (26.4% of the population) were aged 45–64 years.38 A 5% reduction in falls
and injuries from falls in this age group would prevent
the loss of approximately 20,000 DALYs in the U.S.8,9
Furthermore, in most developed countries, wage earnings
are highest among individuals in their 40s and 50s.39
Therefore, an injury and concomitant loss of income
during this phase of the life course may lead to a
signiﬁcant economic impact at the individual level.
Improved muscle strength training, balance, proprioception development, and maintenance via LTPA during
middle-aged adulthood may be carried over when the
individual gets older, and it may also aid in the reduction
of falls and fall-related injuries in older adulthood.
We also observed strong relationships between demographic and health-related factors and the risk of falls
] 2015

and fall-related injuries. Several prior studies have
reported female gender to be associated with a higher
risk of falls and fall-related injuries.40–42 In this study,
female gender was associated with a higher risk of fallrelated injuries among both the middle-aged and older
adult groups. Other risk factors for falls and fall-related
injuries were also similar among middle-aged and older
adults, including higher household income, which was
protective against falls and injuries resulting from a fall.
Other studies have documented an inverse relationship
between income and falls.43 Lower household income is
associated with poorer living environments, poor health
behaviors, and barriers to healthcare services, which may
in turn affect health status and increase the risk of
falling.44
Among health-related factors, cardiovascular disease and
self-reported health were associated with falls and fallrelated injuries in all three age groups. The apparent higher
risk of falls and injurious falls among middle-aged and older
adults with cardiovascular disease and self-reported health
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status is consistent with studies of falls among older
adults with multimorbidity.45 Alcohol consumption was
associated with increased risk of falls but not fall-related
injuries. However, the association between alcohol use,
even in moderation, and injury in the general population is well established. For example, a study of more
than 19,500 adults in Finland found a positive association between alcohol use and risk of injurious falls,
strongest in younger adults.46 More research is needed
to better understand the relationships between demographic and health-related factors on the risk of falling
and fall-related injuries among middle-aged and older
adults.

Strengths and Limitations
This study adds to the literature as the ﬁrst to examine
associations between LTPA and self-reported falls and
fall-related injuries among middle-aged adults using
recent population-based data across multiple U.S. states.
The relatively large and nationally representative sample
of participants in the BRFSS provides good external
generalizability to the experience of the U.S. population.
We do note some important limitations of this study.
First, the cross-sectional design does not allow assessment of the temporal relationship. Future studies need to
examine the effect of LTPA on the future risk of falls and
fall-related injuries among middle-aged adults.
Because the BRFSS is a telephone-based survey and the
response rate is approximately 54%, there is the possibility
of selection bias. In addition, the BRFSS questions related
to falls had a 3-month recall period. The recall period
could affect the reported prevalence of falls and fallrelated injuries. The Prevention of Falls Network Europe
recommendations regarding fall data collection include
prospective daily recording and a notiﬁcation system with
a minimum of monthly reporting.47 Nonetheless, information on LTPA was asked before the fall and injury
history was taken among participants of the BRFSS,
which may limit the differential recall of LTPA by fall
experience. Lastly, the deﬁnition of LTPA was based on
self-report, and we did not have objectively measured
data on the physical activity levels obtained from either
work or leisure time. Owing to the limited information
available on individual participant LTPA levels, the
amount of LTPA needed to reduce the risk of falls and
fall-related injuries could not be assessed in this study.
Thus, the ﬁndings from this study warrant replication
using more-detailed objective measures on LTPA.
Conclusions
There are well-established relationships between physical
activity and fall prevention in the geriatric literature.48,49

However, the present ﬁndings suggest that engagement
in LTPA is associated with lower reporting of falls and
fall-related injuries among middle-aged adults (aged 45–
64 years). This ﬁnding is particularly encouraging given
the increasing knowledge of the positive effects that
regular physical exercise has on other chronic health
conditions. The public health impact of physical activity
on falls and injury-related falls is particularly important
within this critical segment of the U.S. population in
terms of primary and secondary prevention efforts.
Providers may now offer an additional positive beneﬁt
when encouraging middle-aged adults to remain physically active during their leisure time. Replicating this
ﬁnding and exploring this protective association further
can be achieved by including measures of falls and fallrelated injuries in future physical activity interventions.
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